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CRTROPUCTION 


In recent vesra the study» o. the electricel 
properties of Gielectrics st hivgh frecuenciew hes becoxne ine 
cressinugly importent. Among these electrieni ‘rovertiea of 
Glelectrics the loss snd pover fector are among the fore= 
most thet must be anown in order to correctly select a 
materisl for a given seplicetion, Whitehead) eid wen; cthers 
have nade extensive studies snd have done consicerable re- 
search in this field of dielectric charsecteristics, 

Yaerious networks ead instruments euch as the ¢ 
Yeter,~ the Twin Tf [mpedence Measur'ng Network,® and the 
Suscectance Variction Kethod* heve been develozed which 
provide * reistive meesurment of dislectric loss and sover 
factor ut high frequency. However, none of these con be 
properly considered #8 a stancéard instrument. The nee 
for a Standerd of low vower factor at hirh frequencies ex- 
ists Hetay to take its siece siong with the low freeuency 
Standard Gevelopea by Kouwenhoven anc erberieh” ia 10%, 
im wie Cleld of engineering beagle 8 anderdS o. sexsuretent. 

A atudy of the s»roblem of” develovinz » standard of 
low power “Cector at high Precvencles veg Leen ede in te 
Liectriee. inrineéring Tepsarteent of The Jona fookins 
university. An exverinentsl nocel of sue « standard hes 
been constructed and the resuits of tests to cate indicrte 


” 
: 


that the instrument Ls at Leeat a orototype of the nesriedc 
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standard, 

The requirements set up es a basis upon which the 
eforenentioned stucy vas sede are? 

(a) The design of the standerd is to be 
@oplicable in the one megecyele to thirty 
megacycle frecuency renge. 

(b) The standard is to be capable of ainu= 
lating a dielectric over the range of power 
fectore from .002 to .O002 when inserted in 

6 measuring bridge or network. 

(c) The design ia to be acplicable to an 
instrument which will operate under potentials 
up to 28 kilavolta, 

In addition to the foregoing it is to be pointed 
out that power Pactor measuring networks and bridges may be 
either of thse tro terminal or three terminal type. The © 
Meter” and the Twin-T Impedance Measuring Hetwork? are @x- 
auples of the two terminsl type, wherees the circuit de- 
veloved by Dsmianaki, Witt, and Chapman® is a three terninel 
network in which the guerd electrode appiied to the dielectric 
sumple {8 the only electrode at ground potential. 

The experimental standard of power factor tust hes 
been comcleted 1a Gesigned for use in two terainal type nat 
works end to operate across « potentisl difference of F900 


volts, The principles involved are applicable to a stancard 
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for use in a three terminal network, and 1t wovid merely 
recuire 4 wodification to the ahielding to permit the experi- 
wentsai standard to be usec in this type of power factor 


measuring circult. 


ex 





THEORY AND THE BASIC CIRCUIT OF THE STANDARD 


Inassuch as a dielectric specimen can be most 
satisfactorily represented as either s series or parallel 
combination of resistance and capacitance, a combination of 
these elements wes the obvious choice around which to de-. 
Sign the circuit. 

It i3 a well known fact that the reaisteance of a 
conductor will vary sith frequency, due principally to skin 
effect. To avoid poesible error due to variation in resis- 
tance, it was decided to base the degign of the cirenit of 
the stendard upon the assumption thet the actual power being 
Gissivated in a resistor could be precisely mensured, The 
accuracy of the standerd rould te then denvendent ugon the 
precision with which power digsipation could be measured 
rather than upon an assumed accurate knowledge of resis- 
tance, A large part of this paper will deal with power 
diagipating ¢lewents for use in stenderds of power factor, 
and it will be seen that the decision to employ the more 
besiec quantity, power, eliminates meny engineering and de- 
Bien difficulties, 

The basic cirevit assumed in the study, and that 
employed in the constructed experimental standard, is shown 
in Figure 1. All currents sre assumed to be root mean 


square values, 
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Figure 1 


is a hich voltage preciaion condenser and is the capaci- 
tance daterminings element of the cirenit. The nower factor 
of this condenser susat be negligible compared to the power 
factors to be simulsted by the ecireult ea vw whole. 

ig the poxer dissivating element, and the aforementioned 
oower that is to be measured will be equal to the square 
of the current through thig branch, Ip’, tines the ef- 
fective resistance of the element. 

represents 4 varisble array of condensers shunting the 
pewer dissipating element. Variation in Co will alter 

the ascunt of the total current which flowa through the 
power dissipating element end will provide a range of 
power factors obtuinable with one such covbination of 
circuit elements. 


Congidering the condensers dentcted in Figure l, 


the specifieationa for G zentioned above, are met by sevarel 


precision vacunm condensers comusrcially avetlable, In 
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regerd to Co, it wes pointed out by Hund? thet if it is of 
much higher value of capacity than C, the equivelent capacity 
of the entire circuit ta to a very cloge apcroximation equel 
to thet of condenser ©). This is algo sroven in the next 
part of this paper. Furthermore, suppose that the equivalent 
parallel resistence of condensers Co, is as low ag one megohm. 
Thie aiso will have a negligible effect upon the accuracy of 
the circuit, since the resistance of the dissipating element 
must be in the order of magnitude of five to ten ohts as is 
shown in the following section covering a mathematical 
analysis of the basic circuit. The shunting condenser group 
therefore, need only to be made up of commercially available 
condensers of good quslity. 

The two stray quantities that can effect the cir- 
cult of the standard of cower fsctor te such en extent ea to 
make ite reliability open to question sre stray capacitance 
shunting 6), or the entire circuit, and residuel inductence. 
While these quantities can be mede negligible by good desig 
and by oroper shielding, they will nevertheless be oresent 
and their effects must be known. This is particularly true 
of stray inductence which will cause a vertatien in the 
effective equivalent capscity of the circuit with change in 
frequency. Thiae effect 1s also considered in more detail in 
the mathewatical analysis, enc is seen in the teste of the 


experimental standerd. 
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MATUEMATICAL ANALYSIS OF THE BASIC CIRCUIT 


It is convenient to subdivide the mathemctical 
analysis of the basic circuit of the standard into the two 
following partst 
Ae A study to determine the values of the 
high voltage capecity, resistance of the 
power digsinpsting element, send capacity 
range of the shunting concenser group to 
fulfil the requirezents of the standard, as- 
suming verfect components anc neglecting the 
effect of stray capacitance and residuel in- 
ductance, 
B. An investigetion to determine the effect 
upon the characteristics of the standard of 
deviations in the resletence of the vower 
dissipating element and in the capacity of 
shunting condensers from the veluea deter- 
mined by the first part of this analysis. 
Also in this investigation the etray effects 
will be considered. 

Part A. To facilitate this analysis the foregoing basic 

circuit, Figure 1, can be methematically converted into en 

ecuivalent parallel circuit. If we set up the expression 


for the total current, I: 






+2 ee eee anti ' 7 
en 

Di ce heel eme et Creer | 
OS is ee eee cette Se ae 


=m 

or treat ot tele A 
> 0.0 ey A ae 
or ot! commen! ey + mR 

~ me ne fm rem nam 

TTA Oe mt mt Keen AAS EIe 

sate A tee ED ed pe 

Chine temme aeh Mtmnaenney Gal af Gate 














SS 
sory + (all qoup) 


(a) (se) 


i-3-F 
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where: E isa the root mean sonare value ef the voltage 


apolied to the cirevit 


R isa the ohpic resistance of the power clesivating 


elenent 


1t is 
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only a metter of aleebre to rearrange Zquatioa (1) into: 


1 
2 
LO &E FR ( ) 
i 
Ww O42 R 
5) 
(4) 
(5) 


The standard o* power fector can now bs renresent- 


eG by & very simple equivalent eirouit as ehown in Figure *°. 
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Figure ? 


For the above equivelent circuit the expreesion for 


the power factor, PF, 1s 


> 2 
eee kez _. 
Reactive Volt—Amperes Bw Ceq uw) Ceq Rec (6) 


Before oroceeding let us again examine the require~ 
ments of the actual bagiec circuit. It is necessary to vary 
the ratio of power to reactive volt~amperes between the Limits 
6002 to .0002 (assume for the instant, at one particular fre- 
quency) by adjusting the current through the power dissipat- 
ing anna R, which is in turn eccomplished by varying the 
shunting cavacitance, Gp. The magnitude of the tots] current, 
IT, will be, to & rough asvroximation, determined by the 
capacity of the high voltage condenser, C1. The cuestion 
then becomes, what are apvrooriate values of resistance of the 
power dissipating element snd shunting cavacity to employ? 

In particular, whet combinetion will reuuire a satisfaetorily 


small variation in Ce to obtain the required range of power 
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factors from the standard? 


Let un assume to obtain an approximation: 


I = =a jw, FE = a constant 
Jody 
This current of magnitude |1| will divide at the 
junction of A end Co (Figure 1) as indicated in the following 


simple diegrans 


In other words, the vector sum of Ip and I¢_ must 
always be equal to I, the total current, and if this is 
assumed to be constant the locus of the total current vector, 
as Cy is varied from zero to infinity, will be a quarter 
circle, It is readily seen from Figure c, that a greater 


relative decrease in Ip for a given change in Ico occurs 
when the engle Y , indicated in Figure 5, ia greater than 45 


degrees. 


If we now sssume, continuing the foregoing 
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approximation, thet at a power factor of .902 for the standards 
lmel = |k s ttl fiw, 7 = 
R Gel pe (tees, ) 


we con solve for an approximate relationahinp involving the 
frequency, the resistance of the nower diasipating elenent, 
the capecity of the high voltage condenser, end the over 


factor value of .902. 


| 
———}? 
pry = (| tpl PR . ie] = @ Rw, = 002 
ree > bare = 


w Cy 


3s 





or 
ia ry} 
i, _ (7) 
also, continuing the foregoing assumption: 


rR = | Keo a os 


> 


from which is obtained the following expression for the de- 
sirable lower limit of shunting capacitance, Co, at the 


assumed frequencys 
Co = OF (8) 


The foregoing sicplified calculetions end Fouations 
(7) and (8) sasume a determined velue of the cacacity of the 
high voltage condenser, C,;, and a soecifie frecuency of 
operation of the standard of sower fector, The capacity of 


the high voltage condenser C, must be snail for the vracticel 
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reason of liwiting the total current that will flow through 
the instrument. Assuming a different frequency would obvious~ 
ly change the results of any preliminary calculations employ- 
ing the above equations, Rather than continue any discussion 
of this matter, it is believed that the utility of the 
Equations (7) and (8) as "starting polnte"® will become appar- 
ent in the following procedure used in making the design 

graph for the experimental stendard of power factor, 

Inasmuch as e satisfactory condenser was available 
for use as the hish voltege concenger with a lower limit of 
canscity of less than six micromicro ferads thia value was 
assumed for Cy. A frequency of 20 megecycles was selected 
as what might be termed "the center design frequency*® for 
the standard, Substituting these values into Zcuations (7) 
and (8) the following values for the resistance of the poorer 
dissipating element and for the lower limit of the shunting 
capacitence were obtained: 

R = 5.2% ohme 
Co = 18500 micromicrofareds 

With the above value of resistance and assuming 
values of shunting cagacitance ranging upwere from 1899 sicro- 
microfarads the data shown in Table I as obtained by coupu- 


tations employing Fauations (4), (5) and (6) and: 


Power = = (9) 
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where ¥, the voltage across which it was decided to operate 


the experimental stendurd, is 5000 volta. 


Table 1 


Design Caleulationsa for the Experimental Standard of High 


Frequency Power Factor 


Ci = 6 micromicroferads 


R = §.% ohns 


E = £000 volts R,H.S, 


Frequency « 10 segacyclesn 
CoCuut ) Power (Watts) 
1500 6.78 
2509 2.39 
£500 287 
4699 2.09 
5500 1.55 


Frequency = ?0 megacycles 


1599 


8.71 


2.91 


Power Factor 


«0015 37 
090118 

» 000847 
«090616 


0020456 


» 0199 
2 JO1L0E 
eDO0E 2 
» 0004 


0390277 
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Frequency s 30 megacycles 


1690 18.7 90184 

2500 6.4 00996 26 
&000 4.6 0000452 
4$90 2.87 6009262 
§§00 1.95 2009192 


Frecuency = 5 megecycles 
Co » 1500 micromicrofareds 


Cy (upt ) Power (Watts) Power Factor 


6 1,59 099094 
10 4,48 00157 
15 9.97 000245 


The above data are plotted on the design granh for 


the atendard, Figure 4. A study of the graph shows that with 
the chosen value of the resistance of the power dissipveting 
element, ead with a small extengion of the range of shunting 
capacitance, Cp, the standard ideally covld be expected to ful- 
fil the requirements over the 20 to 7) megseyole frecuency 
range with the hich voltage condenser set et six wulcroxicro- 
farads (Curves 1 and 2). Furthermore the grach indicatea that 
the power factor requirerents would be pertially met «et lover 
frecuencies by including in the overstion of the standard a 
provided for variation in the capacity of the hizh voltage 


condenser. (Curve 4), 
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It is to be pointed out that the foregoing study 
was wade for the scle purpose of determining suitable values 
of cireuit components with which to construct the experizental 
standard of power factor, Perfect, unvarying, resistance of 
the power dissipating element war asaveed and stray cuentities 
were neglected. Neither the above assumption, nor imoring 
stray cacacitence and residual inductance, is justified in a 


complete or satisfactory analysis. 


Part B. To begin thie pert of the mathematical study, #hich 
deals with the effect cf variations in values of cireuit con- 
ponents and stray quantities, it is necessary to consider «gain 
Equations (4), (3) and (3) from the viewpoint of the actuel 


eperation of the standard, 





Req = (4) 
Coq = (5) 
fewer = (3) 


The power being dissivated by the standard, apecified 
by Equation (9), 1a e physically measured quantity, and will he 
known with an accuracy dependent upon the precision of the 


power measuring technique employed with the porer cissivating 
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element. We oan therefore concluce that insofar as the power 
is concerned any change in actual power dissipeted due to 
variations in clreuit parameters will not be a source of ine 
herent inatrument error, 

Fxemination of Equation (10), given below, which is 
the opersting equation of the standerd, points immediately to 


the line of investigation thet sust be carried out. 


Power Factor = ee (10) 
EB“ w Geff 


where Ceff is the actusl meesured value of the equivalent 
capacity of the elreuit, which we will assuze for the tine 
being is identinsl to Gea. 

It is clearly evident thet insofer as the accuracy 
of the standard of power factor is concerned, the equivalent 
eavacity, Ceff, (or Ceq) is the detersining factor. Fe wust 
first therefore, carefully exmuine the effect upon the equiva- 
leat circuit capacity of variations in porer dissipating 
element resistence eng in the shunting capacity. It is to be 
recalled that the high voltage condenser, C,, auat be of high 
precision and with negligible conductance, which was s basic 
assumption, 

Values of the equivalent capacity of the circuit, 
assuming wide variations in the aforernentioned caraneters, 


have been ecalouleted using Equation (&), and the reauits are 
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shorn in Table II, below: 


Table It 
Calculated Equivalent Capacity of the Experiments] Standerd 


of High Frequency Power Feetor 


é micromicrofarads 


iF 


Cy 


& 
i 


frequency in radians per second 


a} 
t! 


resistance assumed for the porer dissloesting 
element in ohas 


Tabuleted values for Ceq are in micronicroferadcs 


Ce = 1200 micromicrofarads 


QNE £ £2 £9 
z0 x LOé 5.99955 6.98974 5.97718 
60 x 10° 5.39654 5.97972 5.97226 
90 x 10 5.99821 5.97587 5.97118 
180 x 106 5.98645 §.9729€ 5.97084 
Cp - £600 micromicrofsrads 

50 x 10° § 99849 5.99292 5.99085 
60 x 106 5.99462 E,99052 §.99010 
99 x 10° 5.29277 5.99095 6.99005 
160 x 10° 5.99158 5.98987 5.99000 
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C, - €000 nicromicrofarads 


20 x 106 5.99781 §,.99442 5.99498 
co x 108 5.99542 5.9941" 5.99402 
90 x 106 5.99472 5.99405 5.99401 
180 x 108 5.99265 5.99402 5.99299 


This tabulation shows that the difference between 
the equivalent capacity of the circuit and the capacity of the 
high voltage condenser is extremely sweli over wide variations 
in power cissipating element resistance, frecuency, end capacity 
of shunting condenser. Differences are go s2all in fact that 
an extresely aceurate method of equivalent ecapecity calibration 
of the standard would be necessary to make then detectable 
from an aversve value. 

If the high voltege condenser, C1, is shunted by 
stray capacity, or if there is stray capseity shunting the en- 
tire cireuit it is evident that this stray capacity will be 
directly additive to the foregoing calculated values of 
elreuit equivslent capacity. This will obviously cause the 
characteristics of the instrument to depart from those indi- 
eated by the desig gerach, Figure 4, unless the strey capecity 
is compensated for by « reduction in the casselty of the high 
voltae condenser. 

Aa w final consideration the effect of residuel 
induetance in the instrument and its connecting leads can be 


celculeted, If we consider the oyuivalent escacitive end 
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inductive circuit to be as shown in Figure &: 


ik 
cq — elias] 
Figure 4 
a 1 -w*L Cec 
a ea +. = Dineettmeeninsletllaae 
jw Ceff job jw Ceq ju Coe 


or the effective capacity ofthe circuit, Ceff, is given by 


Ceff = Gea (11) 
1 +-w* L Ceg 





and rearrenging Ecuation (11) we cen solve for sa expresgion 
for L, the residual inductances 

L 2 ie ( * > B) (1°) 

The utility of Equations (11) and (12) will be 

demonstrated leter, in the anelysis of the results of tests 
meade on the experimental standard o? power fector. It will 
suffice to say here thet Equation (19) indicetes that the 
effective capacity of the circuit will increase with fre~ 
cuency unlese residus)l inductance 1s maintained at an ex- 


tremely low value. Incidentelly Equation (11) ia identical 
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with that used by the General Radio Company® and others to 


calculate the effect of residual inductance in precision 


4 
condensers. 


#1 





POWER DISSIPATING ELENAITS ~ GZNERAL 


In the preceeding sections of this paper it was 
specified that the power dissipating element of the high fre~ 
quency standard of power factor would be go designed as to 
permit the accurate measurement of sctuel cover. To achieve 
this objective considerable study anc experimental work was 
carried out. The following were basic considerations ehieh 
were considered ep having to be met: 

(a) Only straight or uncolled wires of 
moderate length could be used to obtain the 
requireé resistance for the sower dissloating 
element. This is necessary to keep residuel 
inductance to a minimus. 
(b) Any connecting lends or sires to the 
power measuring apparstus must be so arranged 
as to ellow a minimum of coupling between the 
. circuit ofthe standard iteelf and the porer 
measuring device. 

The most obvious, snd probebly the most satisfac- 
tory, method of determining the power dlagipated in a resis- 
tance is to measure the heat developed when a current flows. 
It was decided to employ thia basic principle in the power 
dissioating element. 


An ideal type of power dissipating element was 
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propogec by Dr. U. Frank Miller, and would comprise a thin- 
walled metal resistor tube into which en insulated thermo- 
couple is inserted to ebout mid-length of the tube from the 
base {or lor potential) end. If an appropriate meter or 
galvenometer is connected acrosa the two free ends of the 
thermocouple (which extend out of the tube), the deflection 
of this meter uoon flow of current through the resietor tube 
will be proportional to the smount of heet generated. This 
is evimply employing the therme-slectric force? in exactly 
the same manner in which it is employed in radio frequency 
anmeters thet are commercially avsileble in many types, 
ranging up to precision instruments costing severel hundred 
Gollers., OGonsidering = power dissinating element of this 
type, the meter to the thermocouple could be rerdily cali- 
brated to inéiente the amount of power being dissipated in 
the resistor tube, 

Unfortunetely, simple preliainary caleulations 
based upon nichrome as the material from which to conetruct 
the resistor tube, showed thet to obtain a tube «with resis- 
tence of about five obas and of length six inches or less, 
the weil thiexness and Giameter would have to be exceedingly 
small. Such tubing soul be difficult to procure end employ, 
and the power dissipating element would be very frarile. 

Two methods of emvloyineg the above vxrinciple but 


obviating the objectionel structural features cof the thin 
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metal tube were possible. 
{a) The resistor tube could be built by 
placing a thin metallic film on ae ceranic 
tube, to the ends of which ere fitted elec- 
trodes for connecting into the cireuit of 
the atancgard. This metellic film could 
easily be pleced on the ceramic tube by the 
"souttering process"19 or by the use of one 
of several chemical soluticns that when ap- 
plied, end baked to resove the solvent, de- 
posit a good quality adhering file cf 
metal,ti,i? 4 platinum film is believed to 
hold oronise for this type of resistor inso~ 
fer as obtaining the desired value of re- 
sistance, The junction between the electrodes 
and the plated ceramic tube could easily be 
electroplated to ensure good contsct. 
(vb) The second adoption of the above prin- 
ciples, end that employed in the experimental 
standerd of power factor, is that of replac~ 
ing the resistor tube with a resistor wire 
which is terwinsted at the low potential end 
by a low resistence conducting tube of small 
(but aveilable) size, Into this tube the 


thermocouple is inserted go thet the junction 
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ig leceted at the junction of the tube and 
resistor wire. By employing this method the 
thermocouple function ia located at « relative- 
ly "cool" point and is therefore subjected to 
only & sampie of the maximum temperature 
generated. As will be show in a following 
section thia method proved to be cozpletely 
satiafactory. 

Another type of power diasipating element thet is 
of entirely different desig hes shorn great promise not only 
for use in a standard of power fector, but also for use in 
other apolications where precision measurements of sunil 
smounts of power or current are required. This device, waned 
upon en idea presented by Br. Jom J, Chapmen of the Jchna 
Hopkins University, consists essentially of a thermometer, the 
liquid of which is a good dielectric, end into the bulb section 
of which a filament is instelled in exactly the manner as is 
in a sell light tulb. The heet generated when a current ia 
aassed through the filament 1s tranenittee to the dielectric, 
cauging it to expend with a consequent rise of its level in 
the thermometer capillary tube. The smount of rise of the 
level of the liquid in the caocillary tube enn be calibrated 
direetiy in terme of power disesipstion in the filament. Pree~ 
liminary experiments with this type of device indicate that 


it 1s particularly suited for use in a standerd of power 
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fector deaigned to test low voltage bridges or networks. 


Ch racverist 





Before proceeding with the deserinption of the con~ 
struction of the power dissioating element employed in experi- 
mental atandard of power factor it is ef interest to consider 
in more detail the characteristics to be considered in the 
pelection of the resistor materiel. The study of this was 
made investigating the following pointes 

(a) Is 1% possitle to obtein the recuisite 
resistance combined with long life power dis- 
sipeting capability without resorting to exz- 
ceséive lengths or configurations thst «ill 
add excessive regidual inductence to the 
eircuit? 

(b) YWhet is the effect upon the operation of 
the stendsard of the variation of resistance 
with tempereture? 

(ec) What will be the section of skin effect, 
considering the circuit as «a whole? 

¥hen one considers the problem of building ® power 
diasinating element of emall aize and capeble of clasipating 
up to 200 watts or more (as is necessary in sower factor 
standards that are to operate in the 25 to 26 kilovolt range), 


tungeten as « resistor material is indicated because of its 
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high melting point and consequent good power dissineting 
capagity. Any such nigh power element must be in an evacurtec 
envelope, or better atili, in an inert atmosphere. At the 
Lower voltage levels, such as thet Por which the experimental 
stendard of power factor was designed, nichrome is a good 
resistor material, 

The following is e brief ovtline of the study 
made of tungsten as a realstor material, and will iiluatrate 
the investigation of the aforementioned points: 

(a) Resistance and ower. 

Tne power input sheracteriatical9 per centi- 

meter length of .019 inch diameter tungsten wire 


at P550° Kelvin ares 


Voltage 22301 volts 
Current, 6.18 anneres 
Power 5.56 watts 
Life 1629 hours 


Fron which: 
Reristance per centimeter = .14€ ohne 
Length necesaary for §.2 ohme = %6 centimeters 
Power cnpacity of the above length = 290 watts 
The above would yield a dlasinating clement, 
capable of handling the required power. The 
length borders upon beccming excessive when 
inductive effects are considered. 


(b) Yarteation of resistencs with temversture. 


Consider the generally accented exnressions 
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for the resistence,r, of a conductor, and the resistivity, p > 


from which it ts derived:2* 


il 


ae 4 where / length 


eross sectionnal srea 


a 


A 


P=PoR + X(T, = To)] 
where T = absolute temperature in 


degrees contigrade 


Por tungstenl® 


Te §,&1 micro—ohm centimeters 
at To = 20° centigrede 


= ,0045 


If we sasume thet when the standard is registering s pover 
factor of .002 the tempernture of the resistor ile 25000e 
Kelvin; and by assuming temperature propertionsl to power, 


the temserature at .0002 power factor will be 980° Kelvin. 


a 
noon _ & / [1 + «(7,002 - To) | 
Roo? = Lp [l + X&{7.9002 + To) 
i 
- 1 + 0045 x 2499 _ 
1 + 20045 x #80  — %89 


where the subscripts 

denote quantities at 

eOO? and 0302 power factors. 
To evaluste the effect of this variation in resistence re 


must look into the power relationships: 
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peanen.)* a : (enon. ) * 5.69 = 10 


Ip.ooe, _ (10.\% _ | 
aes 1 (sss) 7 = (1.7) = 1,22 


(e) 


This indicates that a much szalier change in cur- 
rent through tas resister ia necessary to effect 

& ten-fold chenge in sower when the resister hes 

a larde temperature coefficient of resistivity 
then would be necessary if the resistance remain~ 
ed conatant (in which case the current retio seuld 
be Y10 = 7.18). This is very desirable in thet 
it makes necessary ao smaller variation in capacity 
of the shunting condenger, Oo, to effect. a given 
shenge in power factor of the standard, 


Skin effect. 


- In thds qualitative E€iscussion of skin effect it 


will be essumed that the standard is being ex 
ployed at one oarticular frequency ana thet its 
power factor is being varlea from .09° to «9002, 
as before. 

The effective high frecuency resistance of a 


vire depends uwronm the oareveters 15 


r= a 
we = hae, 
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OC, = Gp F jo O where u = permeability 
2 o= eonductivity 
a= raégius of the rire 
GC = Ff 


From the preceeding discussion on ths effect of 


teapersture on resistance 


Ryoe . Syo0e > | 
R.g902 atiiiatiiii 
" S 0002 
or 
O 902 
oF .0002 


In the case where is large the effective re~ 
sistance varies as (3)? times the direct current 
resistance.25 Therefore considering the ratio 
of effective reaistances it is seen thet this 
will be the ratio of the direct current resis~- 
tenees multiplied by the acuare reot of the ratio 


of the conductivities, that iss 


(a S 902 Mo oie)” é 4 
Reff .002 _ R,002 4 -~ k,oo? ( 202 ) 
Reff 0002 R008 (=A esooon Ne R.0002|\ 20008 
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et a particular frequency. 


But it wes previcusly shown: 


(soe ) < 
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Therefore we see that skin effect tends to offset the de- 
sirable increase in resistance vith increasing tenperature, 
This may, however, be a beneficial effect, because, suopose 


due to the tempereture effect: 


I 
In,ooon | 


We would heve a situation where we could not set the standard 
to provide a definite desired value of power factor, It 
would still indicate correctly, but it sould theorstically 


Select ite own poxer factor to simulate, 
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DETAILS AND TEST OF THE POWER DISSIPATING FLEMFNT 


As was stated previously, the power dissipating 
element employed in the experimental stendard of power factor 
is of the thermocouple - resistor wire type. The immediate 
availability of niehrome wire dictated this as the material 
from which to construct the resistor. A sketch showing the 
essential details of this element is shown in Figure 6, 

The data on the wire from which the resistor wae 
made is given below:+4 


Manufacturers Filber B. Driver Cowpany, 
Newark, New Jersey 


Trade name of wires "Tophet C* 

Sizes Number 5? (.0071 inches in diameter) 

Resistance: £29 ohas per foot at 20° Centigrade 
Current versus temverature and resistance characteristicst 


Degrees ©. : 20 100 200 300 409 §99 690) 7909 
Amoeres : e482 1565 4.715 .900 1.0% 1.19 1.89 
Resistance — 

multiplying 

factor 21.000 1.019 1,042 1.065 1,065 1.0393 1.110 1.114 


(continued) 
Degrees ©, s 800 390 1909 
Amperes : 1.63 1.81 2eL0 
Resistance 
multiolying 
¥sctor t 1,123 1.122 1.142 
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POWER DISSIPATING ELEMENT 
EXPERIMENTAL STANDARD OF HF POWER FACTOR 


N 
' 
_g..... UPPER TERMINAL 


~ 


\ 


Ds 


\) 


pee NICH ReME RESISTOR WIRE 


NOTE: SUPPORTING 
STRUCTURE FOR 
THIS ELEMENT 1S 
SHOWN ON 
FIGURE 7 


_MUNCTION OF 
~ THERMOCOUPLE, 


a RESISTOR WIRE, AND 


- THERMOCOUPLE TUBE 


CHE RMOCOUPLE TUBE 
_. BASE 


Pes eS 


a _ _. LEADS To THE 
THERMOCOUPLE METER 


a ee 


FIGURE 6 





The wires comprising constantin-chrowel thersio~ 
couple were insulated from each other and from the therno~ 
couple tube (except at the junction) by bakelite varnish 
which was aoplied by dipping and then baked as prescribed 
for the specific insulating material. Tests after in- 
stallation of the thermocouple indicated that the insule- 
tion was satisfactory. 

Before this porer dissipating element could be 
considered satisfactory for use in the standard of vower 
factor, it was necassary to determine if the "sample" of 
temperature rise above room tempereture subjected to the 
thermocouple junction when current hested the reaistor 
wire would vary with conditions at the bese. (Such es 
base being in contact with » good or poor heat conductor, 
ete.). The effect of air currents verying the ecuilibri- 
um tempereture attained by the resistor is eliminsted by 
the fect thet the element rould be completely enclosed in 
a metel electrical shield when installed in the stenderd, 

Tests were wade to determine the effect of the 
different base arrangements mentioned above, The power 
Gissipating element was encloged in o temporary zetal 
shield thet extended from the beee to a point about two 
inchee above the upper terminal, and the bese in turn wes 
placed on two metal blocks. Good metallic contact was 


ensured tetween the base and ehield enc between the base 
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and netal supporting blocks. The following conditions were 
imposed, during which readings of = thermocouple meter were 
taken when current heeted the wire: 

(2) With the dement situated as described 
above. 

(tb) Kith the shield and blocks thermally 

“tneuleted from the base by 7/3?" cork 
insulistion,. 

(c} With good mstallic contact between the 
shield, vase, end blocks, and the bese 
blocks surrounded by melting ice. 

Tha resulte of these tests ere given in Table III, 
Before any set of readings was taken the apparatus was ale 
lowed to reach an equilibrium condition; the thermocouple 
meter was then set to zero deflection position end current 
anplied to the circuit. HKetween individual readings the 
aoparatus was ellowed to return to its ecuilibrium condition, 
and in a few cases it wes necessary to "rezero" the meter. 
Direct current ras employed to provide the sower input, snd 
the polarity of the voltege applied to the upper terrinal 
is indicated in the tabulated results, For low values of 
power input a wall galvenometer was used as the thermo- 
couple seter, end at higher powers a Uninivot portable 
gaivanometer wee employed. This letter instrument is sat- 


isfactory over the power renge (2 to 18 watts) for shich 
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the power dissipating slemont wae designed, and it is of 


small sise and convenient to trensport and use. 


fable It 


Results of the Bese Condition Tests of the Experinental 
Standard of fiigh frequency Power Pactor 
Test A - Fith good metallic contnet between the base, 
shield, and supporting blocke 


Meter - Leeds and Northrup wall galvanometer 


Voltege Amperes Ustts Meter Deflection attsa/Unit Def, 


+1,45 eae 0377 $,12 ei #10 
+1,45 0 26 ob 77 E10 o L216 
+1.45 «8 oor’ 2.10 0i216 
+145 #6 onl? 215 61137 
+1.45 0 26 0 f77 GeLl2 01216 
1.45 e2f evil? £210 eiklé 
+1465 a o&77 2.98 eit 
41,45 26 est? Bele ei2ld 
Averages el? eLel?2 
Maximum Deviation from Average . s12)2-.1137 _ | 
Average \Vintts per Unit Deflection elL2l? ~ 1.24% 


Test B - Conditiona the seme as Test A except the 


polarity ofthe voltage saa reversed, 


Voltege Amperes Netts Meter Peflection Watts/Unit Def. 
~1.48 026 0377 2.88 oLZ10 
-1.48 226 077 7.85 ol? P% 
1.45 026 eft 20a 01235 
~1L.AE 0 26 oS7TT 2D? 01731 
~1.45 eX8 ecl7 2030 1330 


Averages 08277 eo LfO4 
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Maximum Devietion from Average — ,i5?%-.1F04 _ 
Averege Watts per Unit Deflection 1f04 «2 o 4E® 


Test C ~ Conditions the same as Test B 


2 140% 


4.29 2730 $128 22.82 
~4.59 0725 &é.118 21.89 01420 
4,29 «725 5.119 21.70 0 L42$ 
=~, 25 e720 £060 71,50 0 L423 
~4,24 0 125 5.077 21.45 0 L473 
4,25 0722 £2070 21.82 1440 
~4.24 0715 & e030 2120 01420 
Averages 8,936 21427 


Waximum Deviation from Averazve _ »1427-.1498 _ cat 
Averege Watts per Unit Deflection 01427 = 1.6 


During Test C it was noted that the vower souree (2 dry 
cells) was inadequate to maintain steady voltace end 
current during the time required to take readings, It 
was considered thet Test © was questicaable, and Test 


D, under the game conditions was made using six batteries. 


Test B'- Conditions the same as Test B 


~$,4) o74 =. 256 eke 28 eo L4€L 
~4 49 274 S756 22.20 1463 
~4.40 074 &. 256 £2420 e L459 
-4,59 074 248 22420 «1457 
~4, 28 074 fe 240 PRalD 01452 

Averages &,251 01458 


Maximum Deviation from Average —_ 
Averace Tatts per Unit Deflection 


» L458-,] §? 


eee oe 


01458 


= 41% 
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est F ~ filth good wetallic contact between the 
bage, shield, snd supporting blocks, 
Supporting blocks in melting ice. 
Meter - Leeds snc Northrup wall galvenoneter 
~4,58 074 5.241 22649 21448 
~4,256 of4 574i 22029 01452 
~4,57 074 Bena? 22.29 21462 
wh 27 o74 Seer 22,20 » L480 
~4637 074 Be BAF 22.80 ° 1460 
~4,27 et4 t, 287 22,89 01459 
W404 a 7k £179 21.30 0 1448 
~4,74 oTF %,.170 °2.10 el 422 
~4,82 07% 5,159 22.10 01425 
Averages ert 01446 
Meximum Deviation from Aversa ~ e1446~,1475 


Average Natts per Unit Deflection | 51446 «bo 488 


test F ~ Conditions the sane es Teat F 


Heter ~ Unipivot portable calvanoneter 


“8.25 .1,%4 11.07 13.1 079 

~B. 20 1.585 10.34 13.0 o57E 

~&,.1% 1.23 10.82 13.9 ed70 

~§.10 LeeteZ 10.63 18.8 o f7§& 
Averages 10.28 18.93 2578 
laximum Devistion from Average . .576-,579 _ oas 

Average “setts cer Unit [eflection oS7E ie 


Test G - Hith good setsllic contact between the base, 
shield, and supporting blocks. (Melting ice 


renoved) 
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Keter - Unipivot portable galvanometer. 


~Seo 1,24 10.393 13.2 ive 
~§.12 laid 19.72 19.9 0 5E4 
~8,.12 1. 10.72 18.6 eS7E 
~8.10 1.215 10.65 18.5 0376 
~@ 04 1.821 10.82 18.4 eS TE 
Averazes 10.72 18.7 2&7? 
mGxisium Devietion from Average -— ,»S72-,564 _ 
Average Vatts oor Unit Peflection 0572 - 14% 


Test H - With cork thermally inaviating the bese 
from the shield and the suoporting blooks. 


Meter - Unipivot portable gelvanometer 


~8.0% 1.31 20.52 18.8 od5€9 
~8.00 1.51 29.43 18.4 0570 
—8.00 1,71 10.49 18% of 73 
-§,00 1.2935 10437 18.2 0569 
~7.94 1,29 10. P4 18.9 bed 
Averages 10.4? 18.5% 079 
Maximus Devietion from Average . 572.579 _ ., 
Average Fetts ver Unit Deflection 0570 052% 


Test I - Conditions and meter the saze as Teast ii. 


~7.92 1423 10.21 15.4 0555 
7 280 1.28 49.12 18.1 eSS8 
-7.87 1.78 19.08 17.3 ooG? 
~7.8% 1.27& 2.99 17.3 0558 
~7.80 1.27 9.91 17.8 2 556 

Averages 19.56 138.0? «558 


Haxizus Deviati bverase -— .f6F-,858 _ 


Average atts per Unit Lleflection 0558 = 2% 
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While the results of the above test indicste 
that the power dissipating element ia oerfectly satis- 
factory for use in the standerd of power factor, it is 
of interest to examine some of the results sore closelyt 

(a) A comparison of the everares of Test 
D with those of Teast E snakes it appear 

that the meiting ice eround the base lower- 
e¢ the average watts per unit weter de- 
flection. However, in the testa at a high 
er power level, Tests F and G, the effect 
is reversed. It therefore cen be conclud- 
eg that the ice conditicn at the base is 
not responsible for the observed vsriations,. 
A more likely conclusion is that the number 
of reedings taken in eech test is insuf- 
ficient to obtain a true average sud that 
the differences are due to reading errors, 
etc, 

(b) The results of Teata G and 2 indicate 
that the effect of thermal insulation is 
negligible, 

(c) The differences in the average watts 
per unit meter deflection between Tests A 
and 8, and between Tests Fo and I, show 


definitely thet the polarity of the direct 
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current voltage hag an effeet. This had alse 
been noted on eurlier trials of the element 
aad ia attributed to the voltege drop along 
the weld at the junction of the thermoccuple 
and thersocouple tube. This voltege drop ep- 
pears in the thermocouole circuit. This sane 
effect had been observed to a very pronounced 
degree in an experiment with ea power dissi- 
pating element in which the tube formed one 
part of the thermocouple; while at the same 
time performed the game function as in this 
element of being the termination of the resis- 
tor wire. Also in a t<st in which the thermno~ 
couple was electrically insulated from the 
tube at all points the change of polerity of 
direct current voltege had no effect (but the 
instrument was much less sensitive). It is to 
be expected that noe trouble should be experi- 
enced from the above with alternating current. 
(4) The percentages of maximum devietion 

fron the average of the watts cer unit deflec- 
tion ie in ell cages acceptsbly anmall., The 
variationa ii the averere watts per unit de- 
flection es the power level wae changed might 


indicete a small change rith power. 
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The date and the description concerning the actual 
calibration of this power Gissipating element sre included in 
the section of thia peper concerning the calibration of the 
atendaré of power factor es a whele. {[t will suffice to say 
here thet the agreement with which the results of Teste F, 

G, H, and 1 of thie section fitted the actual calibretion 


curve were most pleasing. 





CONSTRUCTION ANT CALIBRATION OF THE EXPERIMPNTAL 


STANDARD OF HIGH FRECUENCY POWER FACTOR 


in thie section will be described the details of the 
various components of the experimental eatanderd and their as- 
sembly into the completec instrument. Phe cailbrations that 
were carried out and the results of these calibrations are 
also included here. A cross-sectional drawing of the asser~ 
bled device is show as Figure 7, to eneble the resder to 
obtain an accurate picture of the structural and operational 
features, iInassuch se the power diesipating element was 
agequately discussed in the oreceeding section, this conpon- 


ent (except for ite calibration) will be only briefly treated. 


The High Voltege Condenser, C 

& vacuur variable condenser manufactured by the 
Jennings Eadic Banufecturing Compeny, San Jose, Celifornia, 
was obtained fer use as the high voltage condenser. The 
wariation in the capacity of this clement is obtained by 
varying the separation of two cup-shaped "pletes*® by meane of 
a nicrometer-type canecity adjuster extending downward from 
the end of the lower terminal, This condenser ie enclosed in 
an evecusted glass envelope (the outline of which is shown in 
Figure 7), et opposite enda of which ere located the connect—- 
ing terminals, Such a terninal arrangesent is sonsidered 


ideal for use in the standard of power feetor, in that it 
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EXPERIMENTAL STANDARD OF HE. POWER FACTOR 


SHIELOED CONNECTING HIGH VOLTAGE TERMINAL 
CABLE Cr ea 
CONNECTING CAP i) HIGH VOLTAGE CONDENSER, C, 


UPPER SHIELD 
CONDENSER LOWER TERMINAL 
: CONNECTING ADAPTOR 








hs 
GROUND CONNECTION 
BETWEEN SHIELD OF 
STANDARD AND 
SHIELD OF CONNECTING 
CABLE 


H,V. CAPACITY ADJUSTER 


UPPER TERMINAL OF 
POWER DISSIPATING ELEMENT 


POLYSTYRENE INSULATOR 
SWITCH CONNECTING Bus 
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SWITCH BLADE AND CONTACTS 
(CONTACT SUPPORTING STRUCTMWRE 
SECURED TO LOWER SHIELD) 
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SHUNTING CONDENSERS, C, 


SUPPORTING STRUCTURE FOR 
POWER DISSIPATING ELEMENT,R 


i i i i 


LOWER SHIELD 


RESISTOR WIKE 


THERMOCOUPLE TUBE 


BASE 
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SCALE : 3 FULL SIZE 


FIGURE 7 





provides a straight peth for current flow through the unit. 
Menufacturer'’s date: 
Type: = 
Serial nuszberse C= 208 
Meximum capacity: 27.2 micromicrofuracs 
“inimun cavscity: §.0 micromicrofarads 

Fhen tested in the Twin-? Impadence Messuring het— 
work (General Redio Company), this condenser exhibited un- 
Getectable conductance, a condition that is mendetory for 
uss in this asplication. 

This high voltage condenser is electrically connect— 
ed to the upper terminal of the power dissipating element by 
means of the conneeting sdaptor which fits around the alcro~ 
meter-type adjuster and clamps to the condenser lower terzinal. 


this connecting adaptor also serves se the sole structural 


support fer the high voltage condenser, 


The Power Dissipating Element, R 

The: thermocouple-resistor wire ower Cissiveting 
element, the details of which are also deoicted in Figure 7, 
maxes connection to the lower end of the connecting adaptor, 
The heater wire and the upper terminal ef thie element are 
rigidly supported with respect to the base by the non-conduct- 


ing supporting structure shown in the figure. 


The Shunting Condensers, Co 
To provide variation in the value of shunting 


cavecity paralleling the power dissipating element, it was 
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Gecided to incorporate in the instrument nx switching errange- 
ment whereby selected valuen of fixed cercacitance covering 
the range indicated by the desien graoh, Figure 4, esuld be 
inserted into the electrical eireuit without disassembly of 
the standard, Five 1000 miorozlorofarad and three 509 zicro- 
microfarad commercial ailver-nica condensers were used to 


build up this variable capecitance. 


The Shunting Condenser Sitch 

This device is comprised of a awitch blade made in 
the form of a 165 degree sector which ie rigidly fastened to 
the upper part of the supporting structure for the power dis- 
sipsting element, and a set of ten contacts mounted in an ine 
sulated suoporting etructure, also covering » 165 degree 
sector, attached to the inside of the lower shield. Electri- 
cal connection between the switch blade and the upper terminal 
of the cower dissipating element is made by the awitch con- 
necting bus, The shunting condensers are installed between 
the terminals of the switch contacts end the shield ae shown 
in Figure 7. Operation of the switeh ia achieved by loosen- 
ing the base securing nuts and roteting the base with respect 
to the shield. Turning the base thus, rotetes the power dia= 
Sipating element, the high voltage condenser, and the ewitch 
blade, and causes the switch blade te make connection with an 


increasing mumber cf switch contactea thereby paralleling en 
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increasing number of the shunting condensers with tke power 
dissipating element. Around the circurference of the base 
tre engraved ten ariteh positions which when aligned with 
an index line on the lower shield indicate: 

Swites Positicn Cag in Hicrosicrofarads 


19090 
1599 
2039 
2509 
2500 
4500 
85950 
6890 
O (Switch open) 
Power Gigsipating 
@lement fae short 
sireutted 


HC OA & on & xn 5 


The "C* switch position (exitch open) is normslly used when 
ealibrating the power dissioating sleneat, as will ke exe 


piained leter. 


The Shield 

The cirevit of the exoerinents] atanderd of nower 
factor is enclosed in a cylindrical bress shield which is 
uede in two gecticns, lebeled the upper end lower shields in 
Pigure 7. The purpose of aaking the shield in two aectious 
was goiely Tor ease in asgezbling the standard. Good 
electrical contset is insured between the base and the lower 
shield, and between the Lower and upper shield by close= 
fitting machined surfeces which sre held together by secur- 


ing devices. It is to be noted thet atray capacity between 








lc A ri lig 

esa saeiaendia aie 

OAL bh We Met omen Ol dn dedes Shmitteee tee hal Ste 

i a Na int aa 

of eailly ed kee El Ome eee 

ao ot Nn en te 

ye a ee ees ma ahem 

Te ow ©. FP. tlm antes betleme 2 
a Hilti wratieh ned aa 




















48 


the shield ané upper piste and terminal of the high voltege 
condenser will be an additive quantity to the equivalent 
capecity of the circuit. On the other hand stray capacity 
between the lower ternuinal of the high voltage condenser, 
adaptor, switch blade, etc., and the shield, will only be 


edcitive to the shunting capacity. 


Calibration of the Pover Dieetontine Flement 

For celibretion of the nower cigsipeting elewent, 
the standard war completely eseembled es show in Figure 7, 
The switch was set to the ®"C" position on which setting 
there is no shuntins canacity peralleling the resistor 
wire. Connecting leeds were run from a enlibratines terminal 
on the switch biade enc from the brre to the seters and the 
power souree, which res the reguler £0 cycle, 110 volt 
gupoly reduced by a trensformer end « variaec. The Unipivot 
gelvenometer wes exployed as the thermocouple meter. 

A schematic dlegroam of the neter conmections ie 


shown in Figure 8, belor: 






AMME TER 


TO POWER SOURCE VOLTMETER STANDAKD 


Figure 8 
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The ammeter resirtance wes listed on the instrument 
a6 .2°824 ohms. 

The date obtained is tabulated in Table IV, and is 
shown plottee aa the Poser Calibration Curve for the standard 
in Figure 8. In addition, the values obtained when the Unipivot 
gelvanometer wae used in the base conditions test of the nower 
dissipating element ere plotted in Figure 3. Thece points show 


close agreement with the €0 eycle alternating current enlibretion. 


Teble IV 
Power Calibration Data for the FExperizmentel 
Standerd of Ulgh Frequency Power Factor 


Batts 
Volte(V) Amperes(I) Deflection VI JI°Re, Watts Unit Der. 


3.76 1,497 75 el 14.6& .1135 14,52 2578 
9.68 1,512 26.1 14.94 .1807 14,8? o5€8 
9,94 1.52 -6e& 16.12 .1212 15.00 «&70 
4,52 of4 6.0 Ee45 0580 8.57 862 
S.1k o 816 7.9 4.16 ,Q€50 4.095 0534 
5.01 0895 Tek 4.94 064% 2,98 852 
7.26 1.127 14.7 8.16 .03900 &,07 0 555 
7 eee 1.ifé 14.6 6.25 0907 8.16 0569 
€.10 1.25 18.9 10.1? .19000 19.0% B72 
7.80 1.22 16.7 9.44 90365 3.24 » 560 
8.60 1.22 20.0 11.75 .1954 11.24 0562 
$4%O 0545 B60 1.80 .04%5 1.76 ~585 


269? | 0627 4.1 2.69 .0593 2,46 536 
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4.60 
5.49 
6.7E 
€.6F 
7ell 
Te€9 
8.92 


B42 


4.909 
7, 5f 
e021 


°,469 


0775 


1,082 
1.102 
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L.52€ 
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756% 
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2O.F 


14.90 
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€.0 
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The Effective Capacity Calibration and Detersiastion of the 
Residual Inductance of the Standard 


The tests to determine the effective cunacity, Ceff, 
of the high frecuency stendard of power factor were wade ene 
ploying 9 Type 1@0-A C Meter sanufectured by the Bontcon 
Radic Corsoration, Bontoon, Kew Jersey. This instrument was 
uaed in the prescribed menner for neasguring the ecepacity of 
smellcondensers, that is: The instrument was Pirst tuned 
with the connecting leade in place but the standard of poser 
factor reuoved, and then retuned after connecting the stand- 
ard te the lerés. The @ifference in the setting of the @ 
Boter tuning condensers to effect the shove retuming is then 
e 4irect measure of the effective capacity of the stendared 
{within the limits of sesuracy of the 0 Meter). The high 
voltarce condenser in the standard wae set to ite sinimux 

slue of capacity end readings rere taken with the switch 
set at verious values of shunting cepecity, Cp, and st varie 
ous frequencieé. 

Three distinet effective capneity measuring teste 
were meade with this neters 

(e) With the shtelded connecting lesd con- 
nected as indicsted in Pigure 7, but the lead 
siielé rrounded only at the ¢ Meter. The 
shield o° the standerd of power factor was 


grounded to the © Meter b3 = bua attached to 
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the base of the atandard. 

(b) With the shielded connecting lead at- 
tached, ond the lead shield forminrs the ground 
sonnecticn between the top of the shield of 
the standard end the © Meter, as shown in 
Ficure 7. 

(ce) Tith the coanections the seme ns those 
Ceseribed in subparayragh (b), above, but re- 
tuning the Q Neter with tie vernier tusing 
condenser culy, after Insertion of the stand- 
ard of power factor. The resson for this 
test will be discussed in a following pare- 
greoh. 

The resulta of the test with connections sg outline 
ed in the preceeding subparagraph (e), indleated « variation 
in effective capneity of the atandard from 7.1 microgicrce 
fareds at a frequency of ten megacycles per second to 1f.8 
micromicrofarads et thirty megacycles. This test was de?i- 
nitely unsatisfactory from the point of vier of accentabllity 
of the standerd cf power factor. The reason Tor tris radicel 
verietion in the effective capacity was atrongly suspected 
to be caused by reeidual inductence. The loop formed dy the 
connecting leads in tails test was relatively large. 

The connections used for the second teating of tre 


stenderd radically reduced the size of toa loop formed by the 
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connections, and the reaulte vere much more favorabie. Table 


¥(a) shows the data obtained in this test. 


iffective Csapavit: Calibration Lata for the 


Experimentel Utendurd of High frequeney cow or Cactcr 


Frequency Lifective canzelty in 
in eloromicrofer«ds 
kegacyclies (Avereges of 2 


number of pyeadines 





Qer second 


&§ 7 GC 

9.5 | 
il Tale 
12 Fee 

£ TOE 
14 a3? 
15 7eJD 
Lé 1.97 
i 7220 
1é 72.88 
£2 7.24 
2% Fels 
24 aR. 
26 7.28 
x4 PAD 
28 7062 
z 7 .as 


Ehile the shove retults were deoinitel, more 
satisfactory from the point of view of overall veriction in 
the effective cavacity, the varintion fron frervency to 
frecuency when plotted showed undesirable variations whieh 
should be sccounted for. It was realized that the variations 
im question are in the order of meguitude of the listed 


2 


accuracy of the © Meter,” and © maniouieation of the meter 


tunitne condenser Gials et the 18 megacyels frequency setting 
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(with the standard of power factor connected) indicated that 
about a ona-Pifth micromicrefared verirtion in capacitance 
reading would aeccur sat tuo different settings of the main 
tuning dial within the gix sicromicrofarad renge of the 
vernier tuning condenser. A further check indleated that 
the range cf the vernier tuaing condenser on the @ Veter 
could be extenced to a lifttle over seven wicromicrofarads 
with reasonable accuracy. The third test was then conducted 
at tne lower frequencies where the creviouse test indicated 
that the effective cayacity ofthe standard was within the 
range of the € Meter vernier condenser, with the following 


resulta: 


Teble V(b) 


Frequency in ‘fective canacity in 
negacycles micromicrofarads 

_per second (individual readings) 

8 € 98 

10 9G 

al E. 3€ 

12 7 Od 

Ls 7.05 

14 7.08 


At no time during the tests was there « consistent 
detecteble difference in the meesured effective capacity af 
the standard of power factor with different values of shunt- 
ing ecepacitty paralleling the pover digeipeting elezent. 


This agrees with the results of the mathematical aneiysis 
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wherein it. was shown thet the differences in the equivelent 
eapacity expected with cifferent values of shunting cepecity 
are of very smell order of anpnitude. 

The results of the foregoing testa are plotted 
as the Effective Capacity Calibretion Curwe for the Fxoeri- 
mental Standard of High Frequency Power Factor, Figure 19. 
Determination of Nesidu:d Inductance end the Calculated 
Effective Caoacity. 

The incresse in the effective capacity with 
frequency, a8 shown in the mathematical analyeis of the besic 
cireuit, can be aceminted for ty the action cf resicuel 
inductance in the circuit. It 1s consaiteres that tee dif- 
ference in the results sf the Cirst two effective capacity 
measuring test justify tke sesumption thot tue lacrease in 
effective capacity with frecuenc: is censecd by this quant- 


ity. If we employ Equation (12): 


i, = —b— (1 - 226 ) {19) 
wW "Cee; Cert 


and from a viudy of the eavecity eurwe obtained by test o1 
Figure 15, agauze: 


Cerf = 7.75 wieromiecrofarads at a 
frequency of 7O meegncycles 
per second. 


= 


Cer = €,2) micromicrofsarace 
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Selving Keuation (12) for the residvel indictence, L, it Le 
found 
L = .48 sicrohenries 
To verify the above solution for the residual 


inductenee it is only necessary to solve Eovation (11): 


> 
me = ers 
err = i a 


=_——— Ae Oe 
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(using the above values of Cec end L) for the calculeted 
fective cavscity at a few points over the frequency range 
of tue instrument. Table VI gives the resuite of these 


calcuistions, 


deble VI 
Calmletee FPfective Capecity of the 


Baperimentsal Stenésrc of Nigh Freevency Pawar Pector 


rreqvency in LPPeautive 
meopecycles ce onolty 
“per second — in eicromiorolarads 
E rr 
Le 7.9? 
12 Feld 
74 Tee 
Ags TetS 


The foregoing vesults are aise plotted on the 
ealibration chart, Figure 10, Although Lt ie considered 
that the experimentally deternined curve follors the 
curve obtained by calculation fatriy well throughout the 


frequency renge, the aluost verfect correletion of the 
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points obtained in the frequency ranse of 8 to 14 mega- 
cycles, when only the vernier tuning condenser wag exploy 
on the © Meter, ie particulerly pleasing. 

Coneiderins everything, it is believed that the 
ealibratioa curve optained in the foregoing teate is fair-= 
ly eccurate., Horever, for the sske of precision a further 
calibration, or affirmetion of the curve of effective 
capecity, Figure il, with a more srevise instrumeat than the 


Q Meter, ie desireble. 


dethod of Use of a Stenderd of High Frecuenecy Pover Pector 
To test the sceuracy of & circuit that is used in 
measuring Gisleetrice sorer factors, the stendard must be 
connected into the cireult in Lieu of the dielectric and 
ite eleatraces. The regular overating proceedure for the 
cireuit shoulé be carried out sa Le used in moasuring di~ 
electrie properties, with the standard simulatine a dielec- 
tric sample to be tested, The accuracy of the circuit 
under test ie then determined by rx campariaon of the »~ower 
factor of the standserd eas indiantead by the meaguring 
eireuit, and the ectuel valne of thie cuantity es known 
from the cover and cavacitance eslibration of the standard. 
he ean exmmcle, consider verifyviag by wesos of ea 
Stenudarc tre power Pector teseured by the cirevit de- 
veloped by Pamianski, itt, sand Chasnen€€ This eireult 


operetes on the phenomenor of tuning 4 sfraiiel combination 
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of inductance and cupecitance to rescnance. Tho tuning is 
eecomplished by means of a varisble precision cendenser, 
first, without the sample connected across the psrailel 
circuit, and second, with the dielectric svecimen shunt 
ing the above tank cireuit. The difference in the cspacity 
value of the tuning condenser to effect the two tunings of 
the cireuit is a direct measure of the espacitance of the 
sample, The current that flows throuzh the cireult each 
time it is tuned to resonance is measured, and from the 
difference of these two values of current the conductance 
ef the dielectric specimen is eaeily celevinted. The 
current measuring epparstus is connectec between the lon 
voltage junction of tne peraliel inductance and ceracl- 
tanee, and crounc. For insertions lato this circuit, the 
dielectric sariple is mounted between an unrer ond a lower 
plate electrode, and surrounding this lower electrode (and 
in contest with the gaumle) ia & guard ring which is meine 
tained at — sotential,. 

As ig obvious from the foreyoing, to test thie 
eirevit a three electrode type of standard previously 
mentioned would be euployed. The upper and lower (base) 
terminais of the standard wold te connected across the 
parallel tenk cireuit in clace of the dielectric eaiple, 
and the shield of the standard would be grounded in the 


same menuner as is the guard ring. The accuracy cf the 
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circuit would then be determinedc by comparing the power 
factor of the astendard as ladicated by the measuring 
etreuit, with the power factor setually exhibited by the 
standard under tne resonance condition impomed with it 


connented into the circuit. 





€2 


CONCLUSIONS 

The standard of high frecuency power fsetor that 
hae been built verifies the basic theory upon which it was 
conceived, It has deen revestedly referred to throughout 
thia paper as “exnoerimental", and perhaps the intended esan- 
ing of thia word should be amplified. The stecdard herein 
Geseribed is experimental in that it is the first completed 
device, and as is the ense with oractically every first 
model, the way ia pointed for an improved deaipgn. Aaopily 
in this oase, little shenze in original concevte sre indi- 
cated. This completed stendard was constructed with care, 
end with ag auch sttention to selection of the correct type 
of components as the availability of material and time ner- 
mitted. 

Following the sbove trend of thought 1t is con- 
sidered that s large part of the value ofthis paper will lie 
in pointing ths way to the construction of the more perfect 
standard of high frequency sower factor, although no 
reagon is seen why the experiments2 model availsble will 
not do a satisfactory job in the voltage level for which it 
was constructed. 

& reduction in the residuel inductance or the 
atanéard is probably the "number one" conaiderction for in~ 
erovement. This can be cchleved by reducing the overall 


Length of the circuit, to wit: Obtain, or have specially 
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built,a high voltage condenser with the ainimur pvssi:le 
length of Connecting eLectroedes to tne vlstes, and co de- 
Signed that the adaoter can be aliminatea. The lLenet). of 
tails same tyne of power digsloeting wlenent cen be greatly 
reduced, while still mmaintalning sufficient power @laaioste 
ing canabdility by the uge oo: turgsten in the resistor wire, 
furtherzors there ere other tynee of ower diesipaters ox- 
ploying tne same basic idea -—~ Cor ersauple, Pr. Chapman's 
thermometer type. 

The other considerations for the uitiaate 
Stanéard een be grouped uader tne eco.mon hewiing of maxing 
1t adaptable to a1] recuisite uges anc sotential levela. 
It is very easy to foreses a standard of this type so 
mechanically conatructed na to cersit the eagy inzerticn of 
a ahield ineulator at the low sotential end te meke it 
available for wee in a three tersinai nevwork, In the ¢i- 
perimentel standard the nower Clasivating element Goes not 
permit easy reclecement. This feature can be lmoroved 
upon to the point where an assortment of power units «re 
evelictie for ready end owiek insertion into the atandard, 
each with ita svecifie ranre of frewuencies and power levels 
for which it will cevee the standerd to provide kroen power 
rectors. 

It is considered that py incernorating the Pore~ 


going suggestions, a hign quality precision stundard of high 
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frequency power factor, adaptable to many cenditicns, can 
be built based upon the theory end techniques presented 


in this paper, 
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three months scecialized training in aviation mechanics, 
upon the terminstion of whic he served as e seaman in the 
deck force sboard the U.&.8. Wright, U.&.&. Secramento and 
0.6.5. Saratoga, In 197%, upon completing the Naval Acedeny 
Preparatory Gourme, Hansen oaseed the entrence exeauinations 
to the U.S. Naval Academy, and entered the acndemy under the 
fleet quota of anpointments. Graduating from Annapolis in 
13°7 brought him a commission in the kavy, where he hes 
served since in the normel succession of ranks for hia clase, 
Aa » commissioned officer he, by his own choice, hea arent 
much of his time in shisborard gunnery assignments. During 
Norid Wer II he served in the 0.8.5. North Caroline for four 
years, end following @ yeers tour of duty ss Gunnery Officer 
ef the U.S.S. Wyoming, he was selected, in 1946, for graduste 
ordnance engineering training. This assignment, the last 
two years of whieh have been snent et the School of Engineer- 


ing, The Johns Hovkins University, is about to terninste, 
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